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EXHIBIT A 



Data 2r<om Comparative Esperiinaeiat 

Comparative Experiment 1 

A polyimide film (thickness = 25 vim) was fabricated in 
accordance with Akahori, example 1. 

Comparative Experiment 2 

A polyimide film (thickness = 25 urn) was fabricated in 
accordance with Akahori, example 2. 

Comparative Experiment 3 

A polyimide film (thickness - 25 H was fabricated in 

accordance with Akahori, example 4. 

Comparative Experiment 4 

A polyimide film (thickness - 25 N was fabricated in 
accordance with Akahori, example 6. 

Comparative Experiment 5 

A polyimide film (thickness = 25 pm) was fabricated in 
accordance with Akahori, example 9. 

Comparative Experiment 6 

A polyimide film (thickness = 25 urn) was fabricated in 
accordance with Akahori, example 12. 
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Measwetmeialt of Dynamic Viseoelastieilty BekavioK- 

Dynamic viscoelasticity behavior was measured in the same 

manner as the examples in the present application, except that the 

measurement temperature profile was changed to 20'C to 500°C 

(Temperature rising rate - 3°C/minute). 

The tan6 peak temperature and the tan6 value at 300*C were 

also obtained in the same manner as the examples in the present 

application. 

Measurement off Alkali Etching B$><&<&& 

Alkali etching speed was measured in the same manner as 
the examples in the present application. 



Results 

Results of the comparative experiment are shown in Table 1. 



Table 1 



Comparative 
Experiment 




Temp, of tan S peak 

CO 


tan<5(300'C) 


Alkali Etching Speed 
( U m/one side/min) 




1 


443 


0.0094 


-0.18 




2 


446 


0.0004 


-0.40 




3 


416 


0.0060 


-0.19 




4 


417 


0.0050 


-0.97 




5 


424 


0.0005 


-0.33 




6 


450 £ 


0.0001 


-0.75 



The tan8 peak temperature was out of the 310 to 410*C range 
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^ 

in all of comparative experiments 1 to 6. None of the results met the 
polyimide film conditions given in claim 1 , 

The alkali etching speed was 0.1 pm/minute or lower in all of 
comparative experiments 1 to 6. None of the results met the 
polyimide film conditions given in claim 11. 

Pe*s<rm Who Conducted Compamtiw Esspsomemts 
Name: Kan FUJIHARA 

Address: 1-25-1 Hieitsuji, Otsu, Shiga, Japan 

Position: Assistant Manager, Electronic Materials R&D Group, 
Electrical & Electronic Materials Division 
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Personal history: Graduated from Department of Chemistry, Faculty 
of Engineering Science, Osaka University, Osaka, Japan, in 1995. 
Received the degree of Master of Chemistry from Osaka University 
Graduate School, Osaka, Japan in 1997 and the degree of Doctor of 
Chemistry from Osaka University Graduate School, Osaka, Japan in 
2000. He has been employed in the capacity of KANEKA Corporation 
and engaged in the development of polyimide film since 2000. 
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DEGRADATION OF THE POLYlMiDE/COPPER INTERFACE 
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ABSTRACT 

A comparative investigation of polyimideVCu interface degradation has 
been carried but for ullrathin photosensitive, non-photosensitive, and 
preimidized polyimide precursor Mms cured while in contact wilh a Cu- 
substrate. The role of curing byproducts and environmental conditions on 
interface degradation has been elucidated by means or X-ray photoelectron 
spectroscopy. Immediately after curing, we observed some oxidation of 
the Cu In contact with non-photosensitive and photosensitive polyimide 
.overlayers; On the other hand, only negligible oxidation, was observed for 
the preimidized polyimide/Cu interface. Experiments In which samples 
were stored lh vacuum, air and a humidity chamber show a dependence of 
the oxidation Kinetics on air/moisture exposure. Pretrnidfzed and 
photosensitive polyirnide/Cu Interfaced stored - in air,, became more 
extensively oxidized with time relative to identical samples stored in. 
vacuum. Moreover, all three polyimide/Cu Interfaces Exhibited 
significantly more oxidation after 3 days in a humidity chamber than after 
19 days of storage. In air. Taken together; these, data dearly demonstrate 
that absorbed water end" Its interaction with curing byproducts are ■ key 
factors in. the extent of Cu, oxidation at the Interlace. 

INTRODUCTION-. 

• -Excellent thermal- stability, adherence, and favorable t dielectric 
properties have .resulted in the- widespread use of polyimide tor 
microelectronics applications. Polyimide has been used as . an mlerlevei 
dielectric [11 and a final passlvant [21 for multilevel metal transistors. 
More recently, polyimide has been used- as a dielectric in multilayer thin 
film interconnect structures Such as multi-chip modules (3,41, Most of 
these applications involve a substantial number of metal-polyimide 
Interfaces. Therefore the nature of interfacial bonding between, the two 
materials is a key parameter In the* overall reliability of the structures. 
Consequently, a number of. studies have been performed in which the 
•chemistry- of interface formation lor metals" evaporated onto cured 
polyimide films In an ultrahigh vacuum system has been investigated 
using X-ray" photoelectron spectroscopy [S-7J, The* first observation of Cu 
oxidation at the inverted polyimide on Cu interface was recently reported 
by Chambers and Chakravorty (B], Most of these studies have focused on a 
nonphotosensitive, PMDA-ODA precursor type of polyimide*. Similar 
information is lacking lor the other types of polyimide; used for 
microelectronics applications, such as the photosensitive' precursor-based 
and preimidized versions. Due "to their significantly different precursor 
•composition and curing chemistry, different interfacial interactions are 
expected. Therefore, our goal In the present work has been to examine 
polyimide/Cu Interfaces tor these three different types ol polyimide ana 
to bring out any systematics that may exist between curing chemistry, 
environmental conditions and. interface degradation, 
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EXPERIMENTAL 

We selected Du Pont Pyralin Pl-2525 as a representative of the 
nonohotosens Uve PMDA-ODA precursor class of polyimides. Selectiplux 
HTlB lo ? 1m ffisir^s. Inc. 90d H Pyral'n- LTP PL2S90D of Du Pont company 
wITe solecicc I as a photosensitive and a proimld rod polyimide. 
XsSclSSSf Polyim.de solutions were diluted and spun at 600Q rpm. onto 
100C 1 A of evaporated Cu on Si0 2 /Si wafers. The OKide present on the 
meial films was stripped by immersion in 1.2 N H 2 S0 4 followed by 
prolonged rln^ng n PP de-ionized water prior to spin eoa?«w. TJi. thin 
polyimfde lllms were then cured by heating to 380 »C over 2I/4 hour| ^ and 

Sifto at 380 «C for J/4 hour. Upon cooling to room temperature in the 
oven 9 the samples were divided Tnto threl groups, each containing the 
Three kmdsbfpolyimide. The first group was stored in vacuum, ^the second 
ArmS, lA/sic 5iorari In air at room lamporalur© and tho third group was aged 
PnTooXired'humidit; 'chamber atTs -c and B5% relative 1jumidlty.Cu 2 P 
X-rav Dhotoelectron spectra were obtained every few days for a penod I of 
three weeks for each sample. The spectrometer employed was a Surface 
L n IiV h( i instruments Model 301 with a focussed, monochromatic AlKa 
X-r£ source spectra were obtained with an analyzer pass energy - ol 
Vso eV an X-ray beam diameter of lOOOp. and a collection angle oT 90* 
with respect to (he surface. 

RESULTS AND DISCUSSION- 

In order to insure that the polyimide films were continuous. scann|_ n | • 
Auger microprope and- scanning eleclron JPteW"^?/..^/^,^^; ' 
• Characterization of several regions" of each sample s^wed that the films 
were indeed continuous and .free of voids. Point spectra .exhibited C.N and 
O KLL peaks yielding atomic concentrations in good agreement w«th ^os e 
obtained by XPS. The Cu LMM peak was clearly present, but ffl"'^"/ 
attenuated aqain Indicating conl nuous coverage of the polymer 
overlayers ?' The continuity oflhe films prevents direct .contact * owgan 
with the Cu substrate so that any observed oxidation will be. caused either 
directly or indirectly by the polyimide rather than, by oxygen. 

In fiaure 1 we show Cu 2pa/2 spectra for the three Cu surfaces with 
eve "avers of pVeimidizedT nonpnotosensilive and photosensitive polyimjde 
sto e reo y in 5 ai?as P a function' of tirne. Also Included at ^P^ffff <fiBE. 
Is a Cu 2P3/2 reference spectrum obtained for a Cu ^w^mjfnmm- 
stripped o7 its surlace oxide and without any polyimide ©verlayer. The 
absence of a shoulder to higher binding establishes complete 

removal of the metal oxide in the starling metal su'teces. Spectra for the 
three polylmide/Cu interfaces stored in the humid.ly|chamber are sl^wg 
at the H bottom. The first set of spectra (corresponding rjo day 1) were 
recorded within a few hours of the samples being .wmoyad- Iromfawm. 
Based on attenuation of the total Cu 203/2 peak .miens.!) ' '•'■]™ "» 
for a clean Cu surface, we estimate that the rim lhlCk jJ e 5f h e *:« we rtcitivfJ 
45 and 65 A lor preimidized, nonpholosens.Uve. and photosensitive 
poiyimlde samples, respectively. 

Immediately after curing, there was evidence of partial oxidation of 
Cu at the interface by no%hotosensHWe and photos; jngjve R&^l 
overlayers. The amount of ox.de at the preimidized J^3 x ^S^i!SSSn2 
was negligible. A shoulder on the Cu 2p», 2 peak, shilfed •P | f P»7 n % e f fc e 5 
ev to higher binding energy, shows that some of the Co at the 
had been oxidized to a probable combination of +1 and +2 p*'*" 10 * 
within one hour of. being removed from the oven. Exposure 10 rirhwaiw 
the extent of oxidation of Cu at the Interface (or all three polyimides. 
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Although it appears that the extent of oxidation was highest at any given 
time for the Co surface supporting the photosensitive Pplyim.de f«k th s 
observation .may be due to the Higher polylrmde film th ckness for this 
samole (65 A) compared to the other two (45 and 30 A). In this .case, the 
^ ol oxidized to elemental Cu peaK Intensity Is nrtlf. dally increased 
because or preferential attenuation by the thicker poly, mlde . Him) of 
Sholoelectrons originating below the mterlaclal region.- Expoiwe of 
samoles to an Increased leva of humidity accelerated the. rate of Cy 
oxWa ion lor all hree Kinds of polyimide. ATler 3 days of aging at 65 *C 
Ind^sV relative humidity conditions, all three Cu • interfaces were 
considerably more oxidized than after 19 days of air exposure. 




93* 934 937 930 Mfi 934 932 930 936 934 932. 930 
BINDING ENERGY (eV) 

Fioure 1. Cu 2p 3/2 spectra tor three Cu surfaces with oyeriayers of 
a llrnidized, nonpros ensitlve and photosensitive polylm de stored in air 
as a funclion of time. Decomposition of the spectra into com buttons 
from the elemental and the oxidized state I* Indicated l with Sauss.ans. 
The last set of spectra labeled h.c. were, recorded for samples ; agec I in a 
humidity chamber at B5 «.C and B5% relative humld.lv. Also ' n «'^ed el the 
top ol each column is a Cu 2p 3/? reference spectrum for a bar6 Cu surface. 
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Fioure 2. Percentage oxidation of the preimidized, nbnphotosensltlve and 
photosensitive oolyimlde samples, as a lunation of storage In air and 
vacuum. We define percentage oxidation as the ratio of Cu 2p« /a peak 
intensity associated with the oxidized state to that for elemental Cu. 



In figure 2 we plot the percentage oxidation of Cu at the interface for _ 
samples exposed to air and those stored in vacuum. In the case of 
pSdfzed and photosensitive polyimides, storing the # .»a*P'« In 'vacuum 
resulted in a significantly ower rale of oxidation of the interfacial Cu 
han did Sto?ir«ffi5? samples in air. Cu in contact with the P*?™*™* 
ooMmide overlayer undergoes only negligible oxidation even after 9 days 
Sf storaai T in a vacuum environment. The photosensitive polylmide/Cu 
mte?fac! 9 doi£ not oxidize beyond the stage associated with curing even 
a (tor sevornl days of vacuum storage. In contrast, »he samples *lored »n 
ai showed a monotonic increase in the porwnlago <"Wa l '° " »« u r cl ^ 
o storage time. The amount of interfacial Cu thai was oxidized n me 
a r-stored samples increased by factors of 12 and 3 for the Pre™** 6 * 
and I photosensitive polyimides, respective v. over the ? h ^d P nYaVlv Ihh 
contrast, the nonphotosensitive polyimide/Cu interface showed nearly me 
same rate of oxidation in both air and vacuum. 

The different, oxidation behavior described above suggests that 
Cu/polylmide inlerlace degradation depends on cunng chemistry m the 



EXHIBIT B 



603 



««^.ire A p ovarlaver The three potyimlde samples included in the present 

K£ £" SSTSmS SxSk rSKrt* Him. brouflhl «e°"> "y •» exposure 
°s ihe drMnj Ttoiw In Woxfiafon ol the buried Cu surface. 

underopes an Imldiialion r «c 10 n el the ^'^"X jcld precursor 

the trans mlde s ^hieved Ib Uhi suds ^} u 225 orn p an |«d by.lormmUon 
annealing step [11). Tha ImMhallon "■gg 1 ," SSSSt with the polyimfde 

exposure. However ^^^^WwSuK to lb. imitation reaction . 
l^XS^'d-W^ absorbed water plays only a . 

• minor role. . 

SuolubS irossllnked 'ohsmleal Inlermediete wen irradl sPon wllh ij» 

Enhancement of Cu surface oxidation upon exposure > to a i hujnjd W 
of Cu at lhe polyimdo/Cu Interlace* alter a ^/^JOt**?*'}^ • . i5 0 Stura 

?h1.-.lo!£» 

report on them at a later tirno. 
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CONCLUSION 

The process of curing uitrathln films , of photosensitive and 
nonphotosensitive polyimide over Cu causes significant oxidation of the 
Cu surface In contrast, negligible oxidation is observed lor a prelmidlzed 
folvS ? sample The oxidation kinetics after curing a how a strong 
Seoendence on moisture absorption from air and a highly humid 
environment. The observed oxidation behavior appears to support r a 
mpTanism whereby moisture absorbed by the cured polyimide him 
^celerate'S the inSface reaction started dJring curing of the precursor 
groups. 
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